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Environment

Work performed on the Alliant FX/8
at the ACRF of Argonne National Lab.

Configuration :

8  Computational Processors (CE's)
6 Interactive Processors
128 Kbytes Shared Cache

32 Mbytes Shared Memory




CFD Codes

1) The NAS Kernel Benchmark Program

2) AERO40 : 3-D Unsteady Euler Equations
solver using an explicit finite-volume Runge-
Kutta time stepping method.

3) AERO60 : Solves the 3-D Unsteady Euler

equations using the Beam and Worming Implicit
finite difference method.

4y ARC2D : 2D'Navier-Stokes Equations using
implicit method.




Kernels Description

1. MXM - This subroutine performs the usual matrix product
on two input matrices. The subroutine employs a four-way
unrolled, outer product matrix multiply al gorithm that is
especially effective for most vector computers.

2. CFFT2D - This test performs a complex radix 2 FFT on a two
dimensional input array, returning the result in place. The
test kernel actually consists of two subroutines that
perform FFTs along the first and second dimension of the
array, respectively, taking advantage of the parallel
structure of the array.

3. CHOLSKY - This subroutine performs a Cholesky
decomposition in parallel on a set of input matrices, which
are actually input to the subroutine as a single three
dimensional array.

4- BTRIX - This kernel pérforms a block tridiagonal matrix
solution along one dimension of a four dimensional array.

5- GMTRY- This subroutine sets up arrays for a vortex .
method solution and performs Gaussian elimination on the
resulting array. This kernel is noted for a number of loops
that are challenging to vectorize.

6- EMIT - Also extracted from a vortex code, this subroutine
creates new vortices according to certain boundary
conditions,

7- VPENTA - This subroutine s-imultanéously inverts three
matrix pentadiagonals in a highly parallel fashion.
I .



Table 1: Kernel Features

KERNEL
Feature
1 Z 3 4 5 6 7
Two dimensional arrays X X X X X
Multidimensional arrays X X X
Dimensions with colons X
Integer arrays X X X
Integer functions in indices X X
IF statements in inner loops X
Scientific function calls X X X X
Complex arithmetic X X X
Complex function calls X X
Inner loop memory strides 1 1 1 1 1 1 128
' 2 4 2 2
256 750 {500 °
| 900
Inner loop vector lengths 256 | 128 | 250 | 28 5 100 128
256 100 |[500
| s00 | 1000




The Alliant FX/8

Multiprocessor Performance

(Level Zero Tuning)




TABLE 2 *
NAS KERNEL BENCHMARK RESULTS

Computer | No. | Tun- Kemels Comp
System CPU| ing 1 2 3 4 5 6 7 | Rae
Cray X-MP

/48 1 0 11360/ 459 [ 598 | 823 | o55 84.1 | 305 | 619
Cray X-MP

/48 1 20 [136.0|852 | 66.7 | 796 | 115.5] 103.0{ 124.1] s6.4
Cray X-MP

/a8 4 20 1536.81330.9)205.0| 273.3/23953 | 396.6 | 483.9| 3491
Cray-2 1 O [1424) 90 | 6.1 | 427] 40 | 750 5.9 10.6
Cray-2 1 20 | 193.0{ 58.1 | 482 | 66.0 | 74.4 141.4] 1356 80.9
Cray-2 1 50 | 193.2] 137.1| 485 | ¢5¢ 752 | 141.0{1359 | 99
Crag-2 4 S0 1590.0{317.2] 1102 162.1| 233.1| 5447|3127 2538
cbc 205 1 O 11166125 | 242 80 | 213 61.1] 94 | 16.1
CDC 205 1 20 1 1298| 495 | 108.4] 145 | 72.1 76.9 1528 | 44.7
CDC 205 | 1 S0 [1278)57.4 | 108.3) 135.7| 750 | 76.2 674 | B2.9
Amdahl 1 | 0 |465.1]11.1 |42.2| 885|383 |2145 7.3 {224
1200 ;
Amdahl ‘
1200 1 20 1497.2|106.0| 95.6 | 88.0{127.5{214.9(202.3)139.1
Amdah) . ' '
1200 1 50 [500.9 106.5] 96.1 | 91.3|127.4/2205 202.4!/140.8
Amdah] - ' |
1200 1 unl 149921162 1 96.71124.5/150.9/219.4/232.21174.7




TABLE 2 * (contmvuep)
NAS KERNEL BENCHMARK RESULTS

Computer | No. { Tun- Kernels Comp
System CPU| ing 1 2 3 4 5 6 7 | Raw
Amdahl 1 0 76391122 1717 | 1013| 61.6 |404.1| 156 | 316
1400
A?igéﬂ 1 | 20 76261663 [118.7] 1006 1467|4029 2219|1828
AT:;;“ 1 | 50 [6983 1690 (1186|101.9]146.9 | 4024|2215 |1834
Amdshi
400 1 | unl (69202037 |1195(155.1 | 147.1 {4188 | 221 8] 2124

NEC Sx-2 1 O |687.0| 205(281.3| 147.0{2734[301.1} 224 | 52.9

NEC sX-2 1 20 | 821.8]308.7] 319.2|147.0 | 277.0| 437.6(384.9 | 309.7

EPS-26¢ | 1 | o |163] 851 35| 76 | 43 | 67 | 80 7.0
C-13p
ALLIANT |y o | 206 120 {127 | 160 |053 | €06 {085 | 126
EX/8 Wy
ALLIANT |
¢ | 0 |1092) 191320 | 382| 168|794 | 128 | 265
FX/8
AL;{I;‘*SNT 8 | 0 (1848 189|366 | 556 3.12 (1372171 | 337

* All but the Alliant FX/& numbers are taken from NASA/ Ames
(June 2, 1987)




TABLE 3
NAS KERNEL BENCHMARK RESULTS

(Execution rate / Peak execution rate)

Computer | No. | Tun- Kemels Comp
Systm CPU| ing 1 p 3 4 5 6 7 | Rate
Cray X-MP

/48 1 0 |065| 022 028] 039|046 | 040 {014 | 030
Cray X-MP

/48 1 20 | 065 | 041 | 032 {038 | 055|049 | 059 | 046

X-MP
C”'“-’Me 4 | 20 [064 | 039|024 |033 [047 | 0,47 | 058 | 0.42
Cray-2 1 0 (029 | 002|001 {00)o00s| 015|001 |00z
Crey-2 ''| 20 /040 | 012 /010 {014 | 015 | 029 028 | 0.17
Cray-2 1 | 50040 028010013 015|025 |028 0.20
Crag-2 | 4 | s0| 030|016 006| 008 0.12{ 028 016 |0.13
T CDC205 | i C 1029003 006|002 005|015 0.02 {004
CDC 205 | 20032012 |027 004|018 | 049 [0.13 |01
CDC 205 1] 50]032| 014027034 | 019] 019|017 |o21
Amdahl -
1200 { O 1087002 008) 017/007 | 040 0.01 | 0.04
Amdahl
1200 1] 20 [ 093] 020 0.8 0.17 | 024 | 0.40| 038 | 026
Amdahi _ ' :
1200 1] 50 |os4|o020f 018] 017 024 | 041 038 | 026
Amdshi
1200 Pl unl | 0.94f 030| 0.18| 023| 0.28| 04| 044 | 033




TABLE 3 (Continued)

NAS KERNEL BENCHMARK RESULTS

(Execution rate/ Peak Execution rate)

Computer | No. | Tun- Kemels Comp
System CPU| ing 1 2 3 4 5 6 7 | Rate
Aig%hl 1 O 1065001 006|009]005]|035] 001 003
Amdahi
1400 1 20 | 067 | p15 ] 0.10 | 009 {013 | 035 019 0.16
Amdahl
1400 1 50 1061 |0.15 0.0 | 009 |0.13 | 0.35] 0.19 | 0.16
Amdahl
1400 i unl (061 |0.18 0.11 1014 |0.13 | 037! p.19 | 0.19
NECSX-Z2 | 4 0 0353 {002 022 0.11( 021 023| 0.02| 0.04
NEC 5X-2 1 20 1063|024 a2s| 011l 021 034! 030 D24
EPS-26¢ | 0 | 043{022| 009! 020] 011 018 021 | 0.18
| CONVEX | '
1120 | g79)029] 020| 0620 035| 032 033 031
C-1 XP
{ALLIANT ,
ALLIA I | o |050]o020f022| 027] 00| 069 0.4 02
ALLIANT i
4 0 (046008 014 0.46| 007} 034| 0.05| 0.11
FX/8 :
ALLIANT
Y78 8 0 039 004 008 0.12| 007} 029 | 0.04 | 0.07




NAS RESULTS

SPEEDUP RESULTS
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NAS Kernels
Multiprocessing Efficiency

Results

Ep, = Speedup / # of CE's
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NAS Kernels Results
on
Alliant FX/8
(Zero Level Tuning)

1. A single CE seems to be a well
designed vector processor.

2. The vectorizing compiler is good

3. Multiprocessing performance
levels off at 4 CE's.

~ 4. Computational processors
bandwidth versus memory
system bandwidth !!

- 5. Vector length is divided on |
Several CE's => higher pipelining
‘overhead.




Performance
Metrics Questions

MFLOPS 2!!
Machine Efficiency ?!!
Speedup ?!!

Multiprocessing Efficiency !1??
{ Academic}



AERO40 RESULTS

{ Work still in PROGRESS }



Aero40 Results
Speedup

A. tg= execution time of code with NO
optimization
t18 = execution time with -O on 8 CE's
Speedup = S;g =264
B. ty = execution with -g optimization

Speedup = to/tr =4.93

C. t3=execution with -Ogv optimization on a
single CE

Speedup ( 1 CE vector) =t6/t3 =9.04

D. t4 = execution with -Ogc optimization:
-> concurrent execution on 8 CE's

Speedup = ty/ty = 24.4

{ with vectorization 26.4 }




More Speedup Results

E. ts= time on one CPU (CE) with vectorization
te = 8 CE's execution time, concurrency
optimization

Speedup = tg/tg = 5.20
F. t7= 8 CE's vectorization and concurrency

Speedup = tg/t7 = 3.01




Speedup
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Initial Conclusions
AERO40 Results

“*Memory hierarchy considerations
are the basic reasons for the
obtained speedup while using

parallelism and vectorization
on 8 CE's

* Not enough memory system
bandwidth for 8 CE's

* Needed :

- Memory hierarchy management
- transformations in the

preprocessor.

- Memory hierarchy management
directives to enable the user to
advise the compiler on better
memory management.




